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Abstract 
 
Work that demonstrates the use of brassinosteroid and azospirillum bacteria to attenuate the harmful effect of lack of water in 
corn is incipient. Therefore, the search for an answer that helps to understand the attenuating effect of the use of brassinosteroid 
and azospirillum bacteria on the physiological characteristics and growth of corn is relevant, since the water demand of the crop is 
high and the search for alternatives is necessary viable ways to reduce the harmful effects of water deficit. The objective of this 
study was to evaluate the influence of brassinosteroid and Azospirillum brasilence on the growth and physiology of corn plants 
submitted to water stress conditions. The experiment was carried out in a vegetable house with a hybrid K9606 VIP3 corn. The 
experiment was carried out in a vegetable house, using corn plants, the hybrid K9606 VIP3. The experimental design used was 
completely randomized, in a 2x2x3 factorial scheme, with six replications, totaling 72 experimental units. The first factor 
corresponds to two water regimes (presence and absence of water deficit). The second factor corresponds to inoculation via seed 
(at the time of sowing) of Azospirillum brasilense and absence of inoculation. And the third factor corresponds to the application of 
three concentrations of brassinosteroids (0, 0.3 and 0.6 μM Br). Plant height, stem diameter, number of leaves, root dry weight, 
leaf and stem, relative water content, chlorophyll a, b, carotenoids, sucrose, starch and total soluble carbohydrates in the leaves 
and roots were determined. Chlorophyll a levels were highest in water-deficient, inoculated plants with 0.3 μM brassinosteroids. In 
water-deficient, inoculated plants, the carbohydrate levels were higher in plants with 0.3 and 0.6 μM brassinosteroids. Among 
plants that were water-deficient and inoculated, plants treated with 0.6 μM brassinosteroids had the highest relative water 
content. Thus, it is recommended the inoculation of seeds and application of 0.6 μM of brassinosteroids together with Azospirillum 
brasilense in water-deficient maize plants. 
 
Keywords: bacteria; climate change; hormone; Zea mays. 
Abbreviations:  AbV5 and AbV6_Strains of Azopirillum brasilense; Br_ Brassinosteroids; DAP_Days after planting; ICA_Institute of 
Agricultural Sciences; K9606 VIP3_Corn hybrid; KWS_Klein Wanzleben e Saat; UFRA_Federal Rural University of the Amazon; 
V3_Three leaves completely expanded; V7_Seven leaves completely expanded; μM_Micromol. 
 
Introduction 
 
Agriculture is an activity greatly influenced by climatic and 
meteorological conditions, where climate changes can affect 
the productivity of agricultural crops, threatening them or 
providing them with opportunities for improvement (Gornall 
et al., 2010). In this sense, it has been a great concern of 
researchers and governments around the world to study the 
impacts of climate change in order to understand what can 
be done in order to mitigate its effects and / or adapt to 
these changes in different human activities (Santos et al., 
2011).  
As the corn crop is known for its high sensitivity to water 
stress (Welcker et al., 2007), research on drought tolerance 
can provide an increase in crop growth and productivity in 
regions with water deficit (Li et al., 2009). 

To mitigate the harmful effects caused to corn plants, 
several hormones are involved in modulating the response 
of plants to stress. Among them are brassinosteroids, which 
are a class of plant steroid hormones that act to elongate 
cells, allowing plants to grow (Baghel et al., 2019). However, 
its effect depends on the plant's growth stage (Freitas et al., 
2015), applied concentration (Freitas et al., 2014; Wei and Li, 
2016) and presence or absence of environmental stress 
(Tanveer et al., 2019). 
Several brassinosteroid compounds, most notably 
brassinolide, protect plants from a range of stresses, both 
abiotic and biotic, and are known to regulate plant growth 
and increase plant productivity (Jager et al., 2008; Kutschera 
and Wang, 2012). 
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In plants such as cucumber, Arabidopsis, rice, tomato, 
soybean and several other species, studies of 
brassinosteroid applications show that this class of hormone 
regulates several genes in physiological and developmental 
processes (Anwar et al., 2018; Kanwar et al., 2017). 
Work with sorghum seeds treated with brassinosteroids 
showed increased seedling emergence and growth under 
osmotic stress (Vardhini et al., 2011). 
Vardhini et al., (2011) observed an increase in the 
emergence and growth of seedlings under osmotic stress, in 
studies carried out with sorghum seeds treated with 
brassinosteroids. In papaya, an increase in leaf area and 
plant dry mass was verified with the exogenous application 
of the regulator (Gomes et al., 2013). In the corn crop, 
Anjum et al., (2011), based on changes in enzymatic 
antioxidants and increased protein synthesis, concluded that 
brassinolide improves drought tolerance.  
In addition to the use of hormones such as brassinosteroids, 
the use of nitrogen fertilizer, which is important for the 
growth and production of corn plants, is essential for them 
to express their maximum agricultural potential, since 
nitrogen is the nutrient most demanded by plants (Duvick, 
2005). 
To achieve high yields in corn, it is extremely important to 
analyze alternative sources of nitrogen and understand how 
its absorption and assimilation in plants occurs (Oliveira, 
2016). Diazotrophic bacteria, such as Azospirillum brasilense, 
are capable of fixing atmospheric nitrogen where it can 
serve as a supplementary contribution to grass cultivation 
(Fibach-paldi, Burdman and Okon, 2012). 
One of the main mechanisms that explains the beneficial 
effects of seed inoculation of plants cultivated with bacteria 
of the genus Azospirillum, despite having the potential to act 
as N-fixing organisms, is their ability to produce and 
metabolize a series of plant hormones and compounds that 
act directly on plant growth regulation, mainly on the root 
system (Bashan et al., 2004). 
Plant roots are one of the main structures altered by 
Azospirillum (De-Bashan et al., 2010), this is due to the 
synthesis of AIA by bacteria, which promotes greater 
development of lateral roots, adventitious and root hairs 
(Cassán et al., 2020), causing an increase in the capacity of 
plants to absorb water and nutrients (Costa et al., 2015), as a 
consequence there is also an increase in their biomass (Lana 
et al., 2012). 
Teixeira et al., (2017) verified percentage gain for plant 
height, in a research evaluating the efficiency of azospirillum 
in corn plants, ranging from 2.2 to 25%; root length from 32 
to 71%; fresh mass of aerial part from 54 to 144%; and fresh 
weight of the roots reaching a percentage gain of 199%. 
In view of the effects that climate change has on agricultural 
production, it is necessary to seek more efficient 
management practices in order to minimize changes 
resulting from the water deficit. In this context, the 
hypothesis of the present study is that the growth 
parameters and physiology of maize plants under water 
stress change due to the concentrations of brassinosteroids 
and azospirillum. Thus, the objective of this work was to 
evaluate the influence of the application of brassinosteroids 
and Azospirillum brasilence on the growth and physiology of 
maize plants under water stress conditions. 
 
 
 
 

Results and discussion 
 
Growth of maize plants as a function of water 
management, inoculation with azospirillum and 
brassinosteroid concentrations. 
The water-deficient maize plants (Table 1) inoculated with 
azospirillum and at the highest concentration of 
brassinosteroids (0.6 μM) had lower leaf number values 
compared to plants without inoculation (12.50 and 15.00), 
respectively. This study shows that uninoculated maize 
plants subjected to water stress conditions recorded the 
highest number of leaves at the lowest and highest doses of 
brassinosteroids. This may have occurred because the time 
of exposure to water deficit treatments (seven days) was not 
enough to reduce the number of leaves, probably because 
the soil remained moist, since water stress is directly linked 
to the availability of water in the soil (Farias, 2005). 
For plant height, the treatments irrigated, without 
inoculation and at the highest concentration of 
brassinosteroids (0.6 μM) presented higher values (64.75 
cm) compared to inoculated plants (43.50 cm). This 
demonstrates that the joint action of brassinosteroides and 
azospirillum did not promote increases in leaf number and 
height of corn plants, however, the application of 
brassinosteroid at a concentration of 0.6 μM, without the 
presence of the bacteria, provided an increase in the 
number of leaves of 16.7% in plants with water deficiency 
and 32.8% in plant height in irrigated plants (Table 1). This 
may be because brassinosteroids act on cell elongation, 
xylem differentiation, root and stem elongation, apical 
dominance and leaf expansion processes (Bajguaz et al., 
2009). Overall, brassinosteroids effectively contribute to the 
tolerance mechanisms used by plants to deal with various 
types of abiotic stress (Larré et al., 2011). 
 
Physiological parameters of maize plants as a function of 
water management, inoculation with azospirillum and 
brassinosteroid concentrations. 
The relative water content (Table 2) in irrigated, inoculated 
or uninoculated plants and at all concentrations of 
brassinosteroids were higher than in water-deficient plants. 
While when comparing plants with water deficiency, the 
inoculated treatments and at all concentrations of 
brassinosteroids, presented lower values of relative water 
content compared to plants without inoculation. In addition, 
the inoculated water-deficient plants had higher water 
content (70.88%) at the 0.6 μM concentration, compared to 
the other concentrations 56.34% (0 μM) and 62.61% (0.3 
µM). The reduction in the relative water content observed in 
plants subjected to water stress was probably due to the low 
availability of water in the soil (Table 3). Furthermore, the 
transpiration process of plants leads to loss of water into the 
atmosphere; thus, plants wither because they cannot 
remove water from the soil. 
Determining plant water content (%) is often used in studies 
that focus on investigating the adaptation of plants to 
drought conditions (Jones, 2007). Fioreze et al., (2011) 
investigated the behavior of soybean cultivars subjected to 
intense water deficit. The results showed that the relative 
water content (%) observed in genotypes subjected to 
intense water deficit decreased compared to well-watered 
plants - results similar to those observed in the present 
study. When observing the chlorophyll a in Table 2, the 
plants with water deficiency, inoculated and at a  
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Table 1. Number of leaves, plant height, stem diameter, root, stem and leaf dry weight based on interaction among water 
management, inoculation with azospirillum and brassinosteroid concentrations in maize plants. 

Irrigation Inoculation Brassinosteroids (μM) 

  0 0.3 0.6 

Number of leaves 

Irrigated Presence 15.25Aaα* 13.75Aaα 14.25Aaα 

Irrigated Absence 14.50Aaα 14.00Aaα 14.75Aaα 

Water deficit Presence 14.00Aaα 13.75Aaα 12.50Aaβ 

Water deficit Absence 15.25Aaα 12.75Abα 15.00Aabα 

CV (%) 9.80    

Plant height (cm) 

Irrigated Presence 65.00Aaα 49.25Aaα 43.50Aaβ 

Irrigated Absence 71.75Aaα 55.00Aaα 64.75Aaα 

Water deficit Presence 59.25Aaα 54.75Aaα 51.25Aaα 

Water deficit Absence 64.25Aaα 48.75Aaα 60.75Aaα 

CV (%) 24.20    

Stem diameter (mm) 

Irrigated Presence 21.53Aaα 16.35Aaα 19.76Aaα 

Irrigated Absence 23.77Aaα 16.73Aaα 18.23Aaα 

Water deficit Presence 20.13Aaα 17.56Aaα 14.33Aaα 

Water deficit Absence 20.50Aaα 16.47Aaα 15.65Aaα 

CV (%) 29.63    

Root dry weight (g) 

Irrigated Presence 51.25Aaα 50.00Aaα 38.75Aaα 

Irrigated Absence 51.25Aaα 43.75Aaα 62.50Aaα 

Water deficit Presence 53.75Aaα 46.25Aaα 41.25Aaα 

Water deficit Absence 52.50Aaα 40.00Aaα 53.75Aaα 

CV (%) 54.97    

Stem dry weight (g) 

Irrigated Presence 50.00Aaα 40.00Aaα 43.75Aaα 

Irrigated Absence 60.00Aaα 45.00Aaα 40.00Aaα 

Water deficit Presence 41.25Aaα 30.00Aaα 28.75Aaα 

Water deficit Absence 37.50Aaα 33.75Aaα 45.00Aaα 

CV (%) 44.26    

Leaf dry weight (g) 

Irrigated Presence 40.00Aaα 31.25Aaα 31.25Aaα 

Irrigated Absence 42.50Aaα 31.25Aaα 36.75Aaα 

Water deficit Presence 36.25Aaα 25.00Aaα 26.25Aaα 

Water deficit Absence 36.25Aaα 28.75Aaα 31.25Aaα 

CV (%) 25.41    
*Means followed by the same letter (uppercase letters for water regimes, lowercase letters for brassinosteroid doses and Greek letters for inoculation with Azospirillum brasilense) did not differ 
from each other in the Tukey test, at 5% probability level. 

 
Table 2. Relative water, chlorophyll a, b and carotenoid contents based on interaction among water management, inoculation with 
Azospirillum and brassinosteroid concentrations in maize plants. 

Irrigation Inoculation Brassinosteroids (μM Br) 

    0 0.3 0.6 

Relative water content (%) 

Irrigated Presence 90.29Aaα* 89.38Aaβ 91.66Aaα 

Irrigated Absence 91.36Aaα 92.34Aaα 91.38Aaα 

Water deficit Presence 56.34Bcβ 62.61Bbβ 70.88Baβ 

Water deficit Absence 76.51Baα 77.77Baα  79.32Baα 

CV (%) 2.2       

Chlorophyll a (mg. kg-1 FM) 

Irrigated Presence 0.038Aaα 0.018Baα 0.014Aaα 

Irrigated Absence 0.017Aaα 0.021Aaα 0.022Aaα 

Water deficit Presence 0.018Abα 0.045Aaα  0.010Abα 

Water deficit Absence 0.032Aaα 0.027Aaα 0.025Aaα 

CV (%) 61.28       

Chlorophyll b (mg. kg-1 FM) 

Irrigated Presence 0.022Aaα 0.017Aaα 0.011Aaα 

Irrigated Absence 0.037Aaα 0.015Baα 0.018Aaα 

Water deficit Presence 0.021Aaα 0.041Aaα 0.035Aaα 

Water deficit Absence 0.044Aaα 0.052Aaα 0.029Aaα 

CV (%) 64.15       

Carotenoids (mg. kg-1 FM) 

Irrigated Presence 0.15Aaα 0.15Aaα 0.12Aaα 

Irrigated Absence 0.16Aaα 0.14Aaα 0.13Aaα 

Water deficit Presence 0.12Aaα 0.15Aaα 0.13Aaα 

Water deficit Absence 0.14Aaα 0.15Aaα 0.18Aaα 

CV (%) 38.91       

*Means followed by the same letter (uppercase letters for water regimes, lowercase letters for brassinosteroid doses and Greek letters for inoculation with Azospirillum brasilense) did not differ 
from each other in the Tukey test, at 5% probability level. 
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Table 3. Total soluble carbohydrate, sucrose and starch contents based on interaction among water management, 
inoculation with Azospirillum and brassinosteroid concentrations in maize plant leaves. 

Irrigation Inoculation Brassinosteroids (μM Br) 

    0 0,3 0,6 

Total soluble carbohydrates (mmol of Glu.g-1) 

Irrigated Presence 2.16Abα 2.45Baα 2.21Bbα 

Irrigated Absence 2.08Babα 2.21Baβ 2.01Bbβ 

Water deficit Presence 2.04Bbβ 3.10Aaα 3.15Aaβ 

Water deficit Absence 3.82Aaα 3.17Acα 3.41Abα 

CV (%) 2.97       

Sucrose (mg sucrose g-1 DM) 

Irrigated Presence 21.98Bcα 26.70Baα 23.98Bbα 

Irrigated Absence 20.63Bbβ 22.39Baβ 21.06Babβ 

Water deficit Presence 37.15Aaβ 30.43Acβ 34.43Abα 

Water deficit Absence 38.68Aaα 33.30Abα 34.42Abα 

CV (%) 3.11       

Starch (mmol of GLU/g) 

Irrigated Presence 0.257Aaα 0.328Aaα 0.226Aaα 

Irrigated Absence 0.199Abα 0.344Aaα 0.219Babα 

Water deficit Presence 0.293Aaα 0.334Aaα 0.234Aaβ 

Water deficit Absence 0.250Abα 0.356Aabα 0.482Aaα 

CV (%) 25.51            
*Means followed by the same letter (uppercase letters for water regimes, lowercase letters for brassinosteroid doses and Greek letters for inoculation with Azospirillum 
brasilense) did not differ from each other in the Tukey test, at 5% probability level.  

 
Table 4. Total soluble carbohydrate, sucrose and starch contents based on interaction among water management, inoculation with 
Azospirillum and brassinosteroid concentrations in maize plant roots 

Irrigation Inoculation Brassinosteroids (μM Br) 

    0 0.3 0.6 

Total soluble carbohydrates (mmol of Glu.g-1) 

Irrigated Presence 0.615Abα 0.734Baα 0.656Bbα 

Irrigated Absence 0.630Babα 0.661Baβ 0.599Bbβ 

Water deficit Presence 0.536Bbβ 0.944Aaα 0.946Aaβ 

Water deficit Absence 1.037Abα 0.927Acα 1.149Aaα 

CV (%) 3.32       

Sucrose (mg sucrose g-1 DM) 

Irrigated Presence 7.92Bbα 9.33Baα 8.29Bbα 

Irrigated Absence 7.21Bbβ 7.91Baβ 7.45Babβ 

Water deficit Presence 12.97Aaβ 10.65Acβ 11.95Abα 

Water deficit Absence 13.44Aaα 11.51Acα 12.04Abα 

CV (%) 3.15       

Starch (mmol of GLU/g) 

Irrigated Presence 0.072Baβ 0.089Baβ 0.148Aaα 

Irrigated Absence 0.271Aaα 0.268Aaα 0.251Aaα 

Water deficit Presence 0.460Aaα 0.512Aaα 0.086Abα 

Water deficit Absence 0.102Baβ 0.154Aaβ 0.194Aaα 

CV (%) 39.88       
*Means followed by the same letter (uppercase letters for water regimes, lowercase letters for brassinosteroid doses and Greek letters for inoculation with Azospirillum brasilense) did not 
differ from each other in the Tukey test, at 5% probability level. 

 
concentration of 0.3 μM, presented an increase of 0.027 mg. 
kg-1  FM  of  chlorophyll a compared to irrigated plants under 
the same study condition. The water-deficient inoculated 
plants presented higher values of chlorophyll a at a 
concentration of 0.3 μM compared to the lowest and the 
highest concentration (0 and 0.6 μM). With regard to 
photosynthetic pigments (chlorophyll a) (Table 2), the use of 
Azospirillum brasilense was expected to help maintain 
chlorophyll levels, since inoculation with this bacterium 
stimulates the synthesis of new chlorophyll molecules, as 
shown in a study carried out with wheat (Bashan et al., 
2006). 
For chlorophyll b, plants with water deficiency, without 
inoculation and at a concentration of 0.3 μM of 
brassinosteroid, presented an increase of 0.037 mg. kg-1 FM 
of chlorophyll b compared to irrigated plants under the 
same study condition (Table 2). 

According to Li et al. (2012), the beneficial action of 
brassinosteroids on pigment contents resulted from the 
reduction of chlorophyll degradation, which led to an 
increase in chlorophyll a and b levels, consequently, to an 
increase in total chlorophyll levels, as demonstrated in 
studies carried out with Chorispora bungean under water 
stress conditions and application of brassinosteroids. Studies 
carried out with guava seedlings with water deficit showed 
no significant difference in the levels of chlorophyll a, b, 
total chlorophyll and carotenoids (Freire et al., 2009). These 
results corroborate those reported by Taiz and Zeiger (2004), 
who observed that chlorophyll levels were not affected by 
environmental changes (such as water deficit), except for 
the effect of light and temperature, which are genetically 
determined. 
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Maize plant carbohydrates as a function of water 
management, inoculation with azospirillum and 
brassinosteroid concentrations. 
For total soluble carbohydrates and sucrose, both in leaves 
(Table 3) and roots (Table 4), plants with water deficit, 
inoculated and at concentrations of 0.3 and 0.6 μM had 
higher values compared to irrigated plants. This increase in 
total soluble carbohydrate contents may be related to the 
fact that brassinosteroids play a regulatory role in 
carbohydrate metabolism, since the application of these 
hormones increases the activity of enzymes linked to sugar 
metabolism (Schluter et al., 2002; Yu et al., 2004) and to 
carbohydrate concentrations in different plant species 
(Schluter et al., 2002; Yu et al., 2004; Lisso et al., 2006; Dalio 
et al., 2011). In addition, plants subjected to water deficit 
recorded progressively increased sucrose levels due to 
sucrose biosynthesis. The increase in sucrose content 
probably resulted from the increased activity of sucrose 
phosphate synthase, since this enzyme acts on the 
photosynthetic cell of the cytosol to protect the integrity of 
membranes and proteins (Hoekstra et al., 2001) under water 
stress conditions. 
The inoculated water-deficient plants showed increments of 
total soluble carbohydrates in the leaves of (1.06 and 1.11 
mmol of Glu.g-1) (Table 3) and in the roots of (0.408 and 
0.410 mmol of Glu.g) -1) (Table 4) at 0.3 and 0.6 μM 
concentrations respectively, compared to the lowest 
concentration (0 μM). While for sucrose in leaves and roots 
of maize plants, treatments with water deficit, inoculated 
and in the lowest concentration of brassinosteroids (0 μM), 
presented higher values of sucrose compared to 0.3 and 0.6 
μM concentrations. Vieira et al., (2013) reported that the 
cultivar UFUS Riqueza, when subjected to control conditions 
(1,213.75 µg / g) and stress (1,387.917 µg / g), presented the 
highest levels of sucrose in the primary roots. According to 
Sala et al. (2007), the benefits associated with inoculating 
maize crops with diazotrophic bacteria depend on several 
factors, such as plant genotype, selected strains and the 
interrelationship between the mentioned factors and the 
environment. 
In the leaves of maize plants (Table 3), starch showed an 
increase of 0.263 mmol of GLU/g in plants with water 
deficiency, without inoculation and in the highest 
concentration of brassinosteroids (0.6 μM), compared to 
plants irrigated in the same study condition. Among water-
deficient plants, at the 0.6 μM concentration, plants without 
inoculation showed an increase of 0.248 mmol of GLU/g in 
starch content compared to inoculated plants. In addition, 
water-deficient plants, without inoculation, had higher 
starch values at the 0.6 μM concentration compared to the 
lowest concentration (0 μM). According to Reis et al., (2000), 
the lack of response to seed inoculation with diazotrophic 
bacteria is often associated with the inappropriate use of 
strains. However, there is a consensus that the plant's 
genotype is the main factor for the success of the 
association between plant and microorganism. 
For starch in the roots of maize plants, inoculation with 
azospirillum provided an increase of 0.388 and 0.423 mmol 
of GLU/g in starch content in plants with water deficit and in 
concentrations of 0 and 0.3 μM of brassinosteroid, 
compared to the irrigated plants. Among the treatments 
with water deficit, inoculated plants and at concentrations 0 
and 0.3 μM, showed higher values of starch in the roots 
compared to plants without inoculation. 
 

Materials and Methods 
 
Setting 
The experiment was developed in a vegetable house, which 
belongs to the Federal Rural University of the Amazon 
(UFRA), Belém City, Pará State (geographic coordinates 01º 
27’ 21” S, 48º 30’ 16” W), from December 10th, 2019 to 
January 28th, 2020. In this region, the average temperature is 
around 26.5ºC, with significant air instability and average 
humidity around 84% (Bastos et al., 2002). 
 
Study design 
To perform the experiment, corn seeds from the company 
KWS (Klein Wanzleben and Saat) were used, the hybrid 
(K9606 VIP3) developed by from Embrapa Amazônia 
Oriental. The experimental design used was completely 
randomized in a 2x2x3 factorial scheme, with six 
replications, totaling 72 experimental units. The first factor 
corresponds to two water regimes (presence of water 
deficiency and absence of water deficiency). The second 
factor corresponds to seed inoculation (at the moment of 
sowing) of Azospirillum brasilense and absence of 
inoculation. The third factor corresponds to the application 
of three concentrations of brassinosteroids (0.0 μM, 0.3 μM 
and 0.6 μM). 
 
Experimental procedures 
72 buckets with a capacity of 15 kg each were used, filled 
with a soil collected in the 0 to 20 cm (Samples of the 
superficial horizon of a Yellow Dystrophic Oxisol) depth layer 
at the Institute of Agricultural Sciences (ICA) at UFRA. After 
carrying out the soil collection, the samples were sieved to 
remove impurities and homogenized. 
The chemical analysis of the soil was carried out for fertility 
purposes, which was determined in the soil laboratory of the 
Brazilian Institute of Analysis (IBRA), according to the 
methods described by Iac (2001) and Embrapa (2009), 
obtaining the results in Table 1. 
Before sowing, the corn seeds that were inoculated with 
Azospirillum were separated. Thus, 200 g of inoculant 
(Azopirillum brasilense - Strains AbV5 and AbV6, originated 
from Embrapa Amazônia Oriental) were mixed in 1 ml of 
distilled water and immediately afterwards the seeds (peat 
solid corn - Zea mays) were added and planted. Irrigation 
was carried out daily, adding water until reaching the field 
capacity of each bucket, which was observed through the 
drainage at the bottom of the buckets. The corn plants were 
obtained from the initial germination of five seeds per pot, 
with subsequent maintenance of only one plant through 
thinning. Fifteen days after planting (DAP), the first 
application of brassinosteroids was performed using 
concentrations of 0.0 μM (Control plants, without 
application of brassinosteroids), 0.3 μM and 0.6 μM. Tlie 0,3 
and 0,6 μM Br (Sigma-Aldrich, USA) solutions were prepared 
by dissolving the solute in etlianol followed by dilution with 
Milli-Q water [etlianol:water (v/v) = 1:10,000] (Ahammed et 
al., 2013); the plants were in the V3 stage (three leaves 
completely expanded).  
For each application, 72 ml of epnobrassinolide solution was 
used. Initially, 100 ml of epnobrassinolide at a concentration 
of 0.3 μM and 100 ml at a concentration of 0.6 μM was 
prepared. To the 100 ml of each concentration, 5 ml of 
Tween-20 was added as a surfactant. In all, two applications 
were made, the first at 15 DAP with plants in the V3 stage 
and the second at 30 DAP with plants in the V7 stage (Seven 
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leaves completely expanded). The application was made by 
applying 3 ml of epnobrassinolide solution per plant, with a 
hand sprayer on the adaxial face (top) of the leaves of the 
middle third of the plants, always in the late afternoon 
(between 17h and 18h), in order to avoid losses by 
evaporation and drift. 
Ten days after the last application of epnobrassinolide, 
severe water stress was applied to the plants that would 
receive the stress, with total water suspension (water 
availability 0%). The other treatments continued to receive 
water until the experiment was withdrawn. Seven days after 
the suspension of irrigation, the plants were removed. 
The collection of the plants occurred at 47 DAP at 04:30 h. 
The determination of the relative water content was carried 
out in vivo, selecting in the greenhouse primary leaves 
completely expanded from each repetition to remove the 
discs. Soon after the plants were separated into leaf, stem 
and root, the roots were washed under running water. 
These were stored in paper bags and placed in the forced air 
ventilation oven at 65ºC for 48 h. After drying, they were 
weighed to obtain the dry mass, after which the leaves and 
roots were ground in a Wiley mill, and properly stored in 
falcon tubes where the biochemical analyzes were 
conducted in the Laboratory of Biodiversity Studies in Higher 
Plants (EBPS). 
 
Measurement of variables 
The determinations for the growth parameters were based 
on measurements made at the end of the experimental 
period, obtaining the following variables: plant height, 
measured from the soil surface to the apex of the plant, 
using a millimeter ruler, expressed in cm; stalk diameter, 
measured at 5 cm in height in relation to the soil surface, 
using a 200 mm digital caliper from Digimes, expressed in 
mm; number of leaves, the number of total leaves present in 
the plants was counted. The relative water content in leaves 
was also determined using the method used by Slavick, 
(1979). The levels of chlorophyll a, b and carotenoids were 
determined through the method described by 
Lichthenthaler, (1987). The determination of sucrose 
concentrations was determined according to the Van Handel 
method, (1968). Finally, the method used to obtain the 
starch and total soluble carbohydrate concentrations was 
according to Dubois et al., (1956).  
 
Statistical analysis 
The data were submitted to analysis of variance (ANOVA) 
using the F test (p <0.05) and the averages obtained were 
submitted to the Tukey test (p <0.05) using the software 
SISVAR version 5.4 (Ferreira, 2010). 
 
 Conclusion      
 
The use of the plant growth-promoting bacteria Azospirillum 
brasilense via seed and the exogenous application of 
brassinosteroids interfere in the parameters studied in the 
corn crop during the occurrence of water deficit, and can be 
an important tool to mitigate the effects of stress on the 
crop. 
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